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57 ABSTRACT 

In a piezoelectric transformer driving circuit which com 
prises a boosting circuit (2) for boosting an input direct 
current voltage, a piezoelectric transformer (3), a current 
Voltage converting circuit for converting a load alternating 
current which flows in the load (9), and a rectifier circuit (5), 
an input voltage detecting and comparing circuit (10) com 
pares the input direct current Voltage with a minimum 
Voltage which is determined by a Setting value of the load 
alternating current to produce a first voltage having a high 
level when the input direct current Voltage is lower than the 
minimum Voltage and to produce a Second Voltage having a 
low level when the input direct current Voltage is higher than 
the minimum Voltage. A reference Voltage producing circuit 
(6a) produces one of first and Second reference Voltages in 
response to one of the first and Second Voltages. A main 
voltage comparing circuit (7) compares a rectified direct 
current voltage from the rectifier circuit with one of the first 
and Second reference Voltages to produce one of primary and 
Secondary voltages. A frequency Scanning oscillator (8) 
determines, in response to one of the primary and Secondary 
Voltages, a Scanning direction of a driving frequency of a 
driving pulse signal which is Supplied to the boosting circuit 
to Supply the driving pulse signal to the boosting circuit. The 
input Voltage detecting and comparing circuit may Supply 
the first and Second Voltages to the current Voltage convert 
ing circuit instead of the reference Voltage producing circuit. 
In this event, the reference Voltage producing circuit pro 
duces and Supplies a reference Voltage to the main Voltage 
comparing circuit. 

4 Claims, 14 Drawing Sheets 

  



5,886,514 Sheet 1 of 14 Mar. 23, 1999 U.S. Patent 

F I. G. 1 
PRIOR ART 

  



U.S. Patent Mar. 23, 1999 Sheet 2 of 14 5,886,514 

FI G. 2 PRIOR ART 

TIME -- 

f N 
f 

TIME -- 

FI G. 3 PRIOR ART 

VC v 
TIME -- 

1. 
TIME -a- 



U.S. Patent Mar. 23, 1999 Sheet 3 of 14 5,886,514 

FI G. 4 PRIOR ART 
CD 

t 
Vo V 

C TIME-- 
CD f 

E 

f 
f2 

TIME-- 

FI G. 5 PRIOR ART 
  



U.S. Patent Mar. 23, 1999 Sheet 4 of 14 5,886,514 

FI G. 6 PRIOR ART 

5 
E. H 
f 

SETTING VALUE 
SB ( I 
t --- 
i 

CD 

B 

5 
E. L 

f NNN 

B —1) a 1N 1) - 
TIME -- 

  



U.S. Patent Mar. 23, 1999 Sheet S of 14 5,886,514 

FI G. 8 PRIOR ART 

UNSTABLE AREA STABLE AREA 
S9 OF BRIGHTNESS OF BRIGHTNESS 

i TERNATING CURRENTIS 

VocC -e-HIGH 

  



5,886,514 Sheet 6 of 14 Mar. 23, 1999 U.S. Patent 

FI G. 9 

  



U.S. Patent Mar 23, 1999 Sheet 7 of 14 5,886,514 

F I. G. 1 O 

FROM 11 

  

  



U.S. Patent Mar. 23, 1999 Sheet 8 of 14 5,886,514 

F I. G. 12 

112 114 116 118 12O 122 124 

f (KHZ) 

F I. G. 13 

it. is– f fa-----N1 

Ba (i=ia) Bb (i=ib) 

TIME-e- 

  



5,886,514 Sheet 9 of 14 Mar. 23, 1999 U.S. Patent 

14 F I G 

  



5,886,514 Sheet 10 of 14 Mar. 23, 1999 U.S. Patent 

F I. G. 15 

  



U.S. Patent Mar. 23, 1999 Sheet 11 of 14 5,886,514 

  



5,886,514 Sheet 12 of 14 Mar. 23, 1999 U.S. Patent 

18 F I G 

HIGH 
Voc 

  



5,886,514 Sheet 13 of 14 Mar. 23, 1999 U.S. Patent 

F I. G. 19 
  



U.S. Patent Mar 23, 1999 Sheet 14 of 14 5,886,514 

  



5,886,514 
1 

PIEZOELECTRIC TRANSFORMER DRIVING 
CURCUIT AND METHOD CAPABLE OF 

STABILIZING LOAD CURRENT 

BACKGROUND OF THE INVENTION 

This invention relates to a piezoelectric transformer driv 
ing circuit and method which boosts an alternating current 
Voltage to produce and Supply a boosted alternating current 
Voltage to a load. 

DESCRIPTION OF THE RELATED ART 

Conventional piezoelectric transformer driving circuits 
are described in Japanese Unexamined Patent Prepublica 
tion (koukai) No. 176530/1993, No. 147771/1995, No. 
107678/1996, and No. 27.5553/1996. 

In the manner which will later be described more in detail, 
a conventional piezoelectric transformer driving circuit 
comprises a direct current power Source, a boosting circuit, 
a piezoelectric transformer, a current Voltage converting 
circuit, a rectifier circuit, a reference Voltage producing 
circuit, a main Voltage comparing circuit, and a frequency 
Scanning Oscillator. 

The boosting circuit is Supplied with an input direct 
current Voltage from the direct current power Source. The 
boosting circuit boosts the input direct current Voltage to 
produce a boosted alternating current Voltage. The boosting 
circuit Supplies the boosted alternating current Voltage to a 
primary electrode of the piezoelectric transformer. Also, the 
piezoelectric transformer is Supplied with a driving pulse 
Signal from the frequency Scanning Oscillator through the 
boosting circuit. The piezoelectric transformer produces, in 
a Secondary electrode, a transformed alternating current 
Voltage in response to the driving pulse Signal from the 
frequency Scanning oscillator. The piezoelectric transformer 
Supplies the transformed alternating current Voltage to the 
load. 

The current Voltage converting circuit, the rectifier circuit, 
the reference Voltage producing circuit, the main Voltage 
comparing circuit, and the frequency Scanning oscillator 
make a load alternating current of the load Stabile. 

However, when, in the above conventional piezoelectric 
transformer driving circuit, the direct current power Source 
is consumable, the input direct current Voltage which makes 
the load flow a Setting value of the load alternating current 
falls short. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide 
piezoelectric transformer driving circuit and method which 
are capable of Stabilizing a load alternating current even 
when the input direct current Voltage falls Short. 

Other objects of this invention will become clear as the 
description proceeds. 

According to a first aspect of this invention, there is 
provided a piezoelectric transformer driving circuit com 
prising: a boosting circuit Supplied with an input direct 
current Voltage for boosting the input direct current Voltage 
to produce a boosted alternating current Voltage; a piezo 
electric transformer Supplied with the boosted alternating 
current Voltage from the boosting circuit for Supplying a 
transformed alternating current Voltage to a load; a current 
Voltage converting circuit for converting a load alternating 
current which flows in the load to produce a converted 
alternating current Voltage; a rectifier circuit for rectifying 
the converted alternating current Voltage from the current 
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2 
Voltage converting circuit to produce a rectified direct cur 
rent Voltage; an input Voltage detecting circuit for detecting 
the input direct current Voltage, an input Voltage comparing 
circuit for comparing the input direct current Voltage with a 
minimum Voltage which is determined by a Setting value of 
the load alternating current to produce a first Voltage having 
a high level when the input direct current Voltage is lower 
than the minimum Voltage and to produce a Second Voltage 
having a low level when the input direct current Voltage is 
higher than the minimum voltage; a reference Voltage pro 
ducing circuit for producing a first reference Voltage having 
a high level when the reference Voltage producing circuit is 
Supplied with the Second Voltage from the input voltage 
comparing circuit and for producing a Second reference 
Voltage having a low level when the reference Voltage 
producing circuit is Supplied with the first voltage from the 
input Voltage comparing circuit, a main Voltage comparing 
circuit for comparing the rectified direct current Voltage 
from the rectifier circuit with one of the first and second 
reference Voltages from the reference Voltage producing 
circuit to produce a primary Voltage having a high level 
when the rectified direct current voltage is lower than the 
one of the first and Second reference Voltages and to produce 
a Secondary Voltage having a low level when the rectified 
direct current Voltage is higher than the one of the first and 
Second reference Voltages, and a frequency Scanning oscil 
lator for determining, in response to one of the primary and 
Secondary Voltages from the main Voltage comparing circuit, 
a Scanning direction of a driving frequency of a driving pulse 
Signal which is Supplied to the boosting circuit to Supply the 
driving pulse Signal to the boosting circuit. 

According to a Second aspect of this invention, there is 
provided a piezoelectric transformer driving circuit com 
prising: a boosting circuit Supplied with an input direct 
current Voltage for boosting the input direct current Voltage 
to produce a boosted alternating current Voltage; a piezo 
electric transformer Supplied with the boosted alternating 
current Voltage from the boosting circuit for Supplying a 
transformed alternating current Voltage to a load; a current 
Voltage converting circuit for converting a load alternating 
current which flows in the load to produce a converted 
alternating current Voltage; a rectifier circuit for rectifying 
the converted alternating current Voltage from the current 
Voltage converting circuit to produce a rectified direct cur 
rent Voltage; an input Voltage detecting circuit for detecting 
the input direct current Voltage; a reference Voltage produc 
ing circuit for producing a first reference Voltage having a 
high level when the input direct current Voltage is higher 
than a minimum Voltage which is determined by a Setting 
value of the load alternating current and for producing a 
Second reference Voltage having a low level when the input 
direct current Voltage is lower than the minimum Voltage; a 
main Voltage comparing circuit for comparing the rectified 
direct current Voltage from the rectifier circuit with one of 
the first and Second reference Voltages from the reference 
Voltage producing circuit to produce a primary Voltage 
having a high level when the rectified direct current Voltage 
is lower than the one of the first and Second reference 
Voltages and to produce a Secondary Voltage having a low 
level when the rectified direct current Voltage is higher than 
the one of the first and Second reference Voltages, and a 
frequency Scanning oscillator for determining, in response to 
one of the primary and Secondary Voltages from the main 
Voltage comparing circuit, a Scanning direction of a driving 
frequency of a driving pulse Signal which is Supplied to the 
boosting circuit to Supply the driving pulse signal to the 
boosting circuit. 
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According to a third aspect of this invention, there is 
provided a piezoelectric transformer driving circuit com 
prising: a boosting circuit Supplied with an input direct 
current Voltage for boosting the input direct current Voltage 
to produce a boosted alternating current Voltage; a piezo 
electric transformer Supplied with the boosted alternating 
current Voltage from the boosting circuit for Supplying a 
transformed alternating current Voltage to a load; an input 
Voltage detecting circuit for detecting the input direct current 
Voltage, an input Voltage comparing circuit for comparing 
the input direct current Voltage with a minimum voltage 
which is determined by a Setting value of the load alternating 
current to produce a first voltage having a high level when 
the input direct current Voltage is higher than the minimum 
Voltage and to produce a Second Voltage having a low level 
when the input direct current Voltage is lower than the 
minimum Voltage; a current Voltage converting circuit for 
converting a load alternating current which flows in the load 
to produce a first converted alternating current Voltage 
having a high level when the current Voltage converting 
circuit is Supplied with the Second Voltage from the input 
Voltage comparing circuit and for converting the load alter 
nating current to produce a Second converted alternating 
current Voltage having a low level when the current Voltage 
converting circuit is Supplied with the first voltage from the 
input Voltage comparing circuit, a rectifier circuit for recti 
fying one of the first and Second converted alternating 
current Voltages from the current Voltage converting circuit 
to produce one of first and Second rectified direct current 
Voltages, the first rectified direct current Voltage having a 
high level, the Second rectified direct current Voltage having 
a low level; a reference Voltage producing circuit for pro 
ducing a reference Voltage; a main Voltage comparing circuit 
for comparing the one of the first and Second rectified direct 
current Voltages from the rectifier circuit with the reference 
Voltage from the reference Voltage producing circuit to 
produce a primary Voltage having a high level when the one 
of the first and Second rectified direct current Voltages is 
lower than the reference Voltage and to produce a Secondary 
Voltage having a low level when the one of the first and 
Second rectified direct current Voltages is higher than the 
reference Voltages, and a frequency Scanning oscillator for 
determining, in response to one of the primary and Second 
ary Voltages from the main Voltage comparing circuit, a 
Scanning direction of a driving frequency of a driving pulse 
Signal which is Supplied to the boosting circuit to Supply the 
driving pulse signal to the boosting circuit. 

According to a fourth aspect of this invention, there is 
provided a piezoelectric transformer driving method in 
which a piezoelectric transformer Supplies a transformed 
alternating current Voltage to a load to control a load 
alternating current in the load, the piezoelectric transformer 
driving method comprising: a step of detecting an input 
direct current Voltage which is Supplied to a boosting circuit 
which Supplies a boosted alternating current Voltage to the 
piezoelectric transformer; and a step of decreasing a Setting 
value of the load alternating current when the input direct 
current Voltage is lower than a minimum Voltage which is 
determined by the Setting value of the load alternating 
Current. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram of a conventional piezoelectric 
transformer driving circuit; 

FIG. 2 is a first view for use in describing an operation of 
the conventional piezoelectric transformer driving circuit 
illustrated in FIG. 1; 
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4 
FIG. 3 is a second view for use in describing the operation 

of the conventional piezoelectric transformer driving circuit 
illustrated in FIG. 1; 

FIG. 4 is a third view for use in describing the operation 
of the conventional piezoelectric transformer driving circuit 
illustrated in FIG. 1; 

FIG. 5 is a fourth view for use in describing the operation 
of the conventional piezoelectric transformer driving circuit 
illustrated in FIG. 1; 

FIG. 6 is a fifth view for use in describing the operation 
of the conventional piezoelectric transformer driving circuit 
illustrated in FIG. 1; 

FIG. 7 is a sixth view for use in describing the operation 
of the conventional piezoelectric transformer driving circuit 
illustrated in FIG. 1; 

FIG. 8 is a seventh view for use in describing the 
operation of the conventional piezoelectric transformer driv 
ing circuit illustrated in FIG. 1; 

FIG. 9 is a block diagram of a piezoelectric transformer 
driving circuit according to a first embodiment of this 
invention; 

FIG. 10 is a circuit diagram of an input Voltage detecting 
and comparing circuit of the piezoelectric transformer driv 
ing circuit illustrated in FIG. 9; 

FIG. 11 is a circuit diagram of a reference Voltage 
producing circuit of the piezoelectric transformer driving 
circuit illustrated in FIG. 9; 

FIG. 12 is a first view for use in describing an operation 
of the piezoelectric transformer driving circuit illustrated in 
FIG. 9; 

FIG. 13 is a second view for use in describing the 
operation of the piezoelectric transformer driving circuit 
illustrated in FIG. 9; 

FIG. 14 is a third view for use in describing the operation 
of the piezoelectric transformer driving circuit illustrated in 
FIG. 9; 

FIG. 15 is a block diagram of a piezoelectric transformer 
driving circuit according to a Second embodiment of this 
invention; 

FIG. 16 is a circuit diagram of an input Voltage detecting 
circuit of the piezoelectric transformer driving circuit illus 
trated in FIG. 15; 

FIG. 17 is a circuit diagram of a reference Voltage 
producing circuit of the piezoelectric transformer driving 
circuit illustrated in FIG. 15, 

FIG. 18 is a view for use in describing an operation of the 
piezoelectric transformer driving circuit illustrated in FIG. 
15; 

FIG. 19 is a block diagram of a piezoelectric transformer 
driving circuit according to a third embodiment of this 
invention; 

FIG. 20 is a circuit diagram of an input Voltage detecting 
and comparing circuit of the piezoelectric transformer driv 
ing circuit illustrated in FIG. 19; and 

FIG. 21 is a circuit diagram of a current Voltage convert 
ing circuit of the piezoelectric transformer driving circuit 
illustrated in FIG. 19. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1 to 8, a conventional piezoelectric 
transformer driving circuit will first be described for a better 
understanding of this invention. 
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In FIG. 1, the conventional piezoelectric transformer 
driving circuit comprises a direct current power Source 1, a 
boosting circuit 2, a piezoelectric transformer 3, a current 
Voltage converting circuit 4, a rectifier circuit 5, a reference 
Voltage producing circuit 6, a main Voltage comparing 
circuit 7, and a frequency Scanning oscillator 8. The boosting 
circuit 2 is connected to the direct current power Source 1. 
The piezoelectric transformer 3 is connected between the 
boosting circuit 2 and a load 9. The current Voltage con 
verting circuit 4 is connected to the load 9. The rectifier 
circuit 5 is connected to the current Voltage converting 
circuit 4. The current Voltage converting circuit 4 and the 
reference Voltage producing circuit 6 are connected to two 
input terminals of the main Voltage comparing circuit 7. An 
output terminal of the main Voltage comparing circuit 7 is 
connected to the frequency Scanning Oscillator 8. An output 
terminal of the frequency Scanning oscillator 8 is connected 
to the boosting circuit 2. 

The boosting circuit 2 is Supplied with an input direct 
current Voltage Vcc from the direct current power Source 1. 
The boosting circuit 2 boosts the input direct current Voltage 
Vcc to produce a boosted alternating current Voltage Vin. 
The boosting circuit 2 Supplies the boosted alternating 
current Voltage Vinto a primary electrode of the piezoelec 
tric transformer 3. Also, the piezoelectric transformer 3 is 
Supplied with a driving pulse signal from the frequency 
Scanning oscillator 8 through the boosting circuit 2. The 
piezoelectric transformer 3 produces, in a Secondary 
electrode, a transformed alternating current Voltage Vout in 
response to the driving pulse signal from the frequency 
Scanning Oscillator 8. The transformed alternating current 
Voltage Vout has a voltage which is equal to AV times as 
much as the boosted alternating current Voltage Vin. The 
piezoelectric transformer 3 Supplies the transformed alter 
nating current voltage Vout to the load 9. 
The current Voltage converting circuit 4 converts a load 

alternating current i which flows in the load 9 to produce a 
converted alternating current Voltage Via. The rectifier cir 
cuit 5 rectifies the converted alternating current Voltage Via 
from the current Voltage converting circuit 4 to produce a 
rectified direct current Voltage Vi. The reference Voltage 
producing circuit 6 produces a reference Voltage Vref1. 

The main Voltage comparing circuit 7 is Supplied with the 
rectified direct current voltage Vi from the rectifier circuit 5 
and the reference voltage Vref1 from the reference voltage 
producing circuit 6. The main Voltage comparing circuit 7 
compares the rectified direct current voltage Vi with the 
reference Voltage Vref1 to produce a difference Voltage Vc. 
The difference voltage Vc has a high level when the rectified 
direct current Voltage Vi is lower than the reference Voltage 
Vref1. Also, the difference voltage Vc has a low level when 
the rectified direct current voltage Vi is higher than the 
reference voltage Vref1. 

The frequency Scanning oscillator 8 is Supplied with the 
difference Voltage Vc from the main Voltage comparing 
circuit 7. The frequency Scanning oscillator 8 determines, in 
response to the high and low level of the difference Voltage 
Vc, a Scanning direction of a driving frequency of the 
driving pulse signal which is Supplied to the boosting circuit 
2 to Supply the driving pulse Signal to the boosting circuit 2. 
As shown in FIG. 2, when the difference voltage Vc has the 
high level Vh, the frequency Scanning Oscillator 8 Supplies 
the driving pulse Signal having the driving frequency f to the 
boosting circuit 2 while the frequency Scanning OScillator 8 
Scans, at a first predetermined rate, the driving frequency f 
in a low direction as shown by a line C in FIG. 2. As shown 
in FIG. 3, when the difference voltage Vc has the low level 
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V1, the frequency Scanning Oscillator 8 Supplies the driving 
pulse signal having the driving frequency f to the boosting 
circuit 2 while the frequency Scanning oscillator 8 Scans, at 
a Second predetermined rate, the driving frequency f in a 
high direction as shown by a line D in FIG. 3. Also, as shown 
in FIG. 4, when the difference voltage Vc is held at the low 
level V1, as shown by a line E in FIG. 4, the frequency 
Scanning oscillator 8 resets to an upper limit value f1 when 
the driving frequency freaches to a lower limit value f2 and 
thereafter repeats this operation. 

In the conventional piezoelectric transformer driving 
circuit, as shown in FIG. 5, the frequency Scanning oscillator 
8 is Set to Scan the driving frequency f in a low direction 
from a high value in order to Stabilize the load alternating 
current i as shown by arrows F1 and G1. In FIG. 5, a line K 
represents the load alternating currenti when the input direct 
current Voltage Vcc is higher than a minimum Voltage Vcc1 
which is determined by a Setting value of the load alternating 
current i. Also, in FIG. 5, a line G represents the load 
alternating current i when the input direct current Voltage 
Vcc is lower than the minimum voltage Vcc1. The main 
Voltage comparing circuit 7 compares the rectified direct 
current voltage Vi which is obtained by rectifying the load 
alternating current i with the reference voltage Vref1 to 
produce the difference Voltage Vc. The main Voltage com 
paring circuit 7 produces the difference Voltage Vc having 
the high level when the rectified direct current voltage Vi is 
lower than the reference voltage Vref1. When the difference 
Voltage Vc has the high level, the frequency Scanning 
oscillator 8 Supplies the driving pulse signal having the 
driving frequency f to the boosting circuit 2 while the 
frequency Scanning oscillator 8 Scans, at the first predeter 
mined rate, the driving frequency fin the low direction from 
the high value. When the rectified direct current voltage Vi 
is equal to the reference Voltage Vref1, the frequency 
Scanning Oscillator 8 inverts the Scanning direction, namely, 
the frequency Scanning oscillator 8 Supplies the driving 
pulse signal having the driving frequency f to the boosting 
circuit 2 while the frequency Scanning oscillator 8 Scans the 
driving frequency fin a high direction from the low value. 
Thereafter, the frequency Scanning oscillator 8 repeats this 
operation to make the load alternating current i reach at a 
Setting value. 

Also, when the rectified direct current Voltage Vi is equal 
to the reference voltage Vref1 even when the frequency 
Scanning oscillator 8 Scans the driving frequency f to reach 
at the lower limit value f2, the frequency Scanning oscillator 
8 inverts the Scanning direction, namely, the frequency 
Scanning Oscillator 8 Supplies the driving pulse signal having 
the driving frequency f to the boosting circuit 2 while the 
frequency Scanning oscillator 8 Scans the driving frequency 
f in the high direction from the low value. Thereafter, the 
frequency Scanning oscillator 8 inverts the Scanning direc 
tion when the driving frequency reaches at the upper limit 
value fl, namely, the frequency Scanning OScillator 8 Sup 
plies the driving pulse Signal having the driving frequency f 
to the boosting circuit 2 while the frequency Scanning 
oscillator 8 Scans the driving frequency fin the low direction 
So that the load alternating current i reaches at the Setting 
value. 

Here, when it is hardly possible for the load alternating 
current i to flow in case that an impedance of the load 9 such 
as a cold cathode tube is remarkably high directly after 
Supply of the power Source, the above mentioned Scanning 
operation is repeated. Also, when the input direct current 
Voltage Vcc which is inputted to the boosting circuit 2 is 
lower than the minimum voltage Vcc1 which is determined 
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by the Setting value of the load alternating current i, the 
boosted alternating current Voltage Vin which is inputted to 
the primary electrode of the piezoelectric transformer 3 from 
the boosting circuit 2 is lower than a minimum voltage Vin1 
of an input Voltage of the primary Side. As a result, Since the 
Setting value of the load alternating current i of the piezo 
electric transformer 3 is not obtained by the transformed 
alternating current Voltage Vout which is transformed by the 
piezoelectric transformer 3, the above mentioned Scanning 
operation is repeated. Therefore, as shown by lines L and M 
in FIG. 7, the load alternating current i is changed in 
response to the driving frequency f. In this event, in case that 
the load 9 is implemented by the cold cathode tube, a 
brightness B of the cold cathode tube becomes unstable as 
shown by a line N in FIG. 7. 

In addition, the lines H, I, and K of FIG. 6 show changes 
of the driving frequency f, the load alternating current i, and 
the brightness B of the cold cathode tube in case that the load 
alternating current i reaches at the Setting value. Lines L., M., 
and N of FIG. 7 show changes of the driving frequency f, the 
load alternating current i, and the brightness of the cold 
cathode tube in case that the load current i does not reach at 
the Setting value because the input direct current Voltage Vcc 
is lower than the minimum voltage Vcc 1 which is deter 
mined by the Setting value of the load alternating current i. 
Also, a line 0 of FIG. 8 shows a change of the brightness of 
the cold cathode tube that corresponds to the input direct 
current voltage Vcc in case that the load 9 is implemented 
by the cold cathode tube. 

Therefore, when, in the above mentioned conventional 
piezoelectric transformer driving circuit, the direct current 
power Source 1 is consumable, the input direct current 
voltage Vcc which makes the load 9 such as the cold cathode 
tube flow the Setting of the load alternating current i falls 
Short. As a result, the load alternating current i becomes 
unstable. 

For example, as shown in FIG. 8, when the input direct 
current Voltage Vcc is equal to the minimum voltage Vcc1 
which is determined by the setting value of the load alter 
nating current i, the brightness of the cold cathode tube falls 
remarkably short. This is because the setting value of the 
load alternating current i is Set at a constant value regardless 
of the input direct current voltage Vcc. Therefore, the 
Scanning operation of the driving frequency fis repeated and 
the load alternating current i increases or decreases even 
when the Setting value of the load alternating current i is not 
obtained because the input direct current Voltage Vcc falls 
short. 

Referring to FIGS. 9 to 14, the description will proceed to 
a piezoelectric transformer driving circuit according to a first 
embodiment of this invention. Similar parts are designated 
by like reference numerals. 

In FIG. 9, the piezoelectric transformer driving circuit 
comprises the direct current power Source 1, the boosting 
circuit 2, the piezoelectric transformer 3, the current Voltage 
converting circuit 4, the rectifier circuit 5, a reference 
Voltage producing circuit 6a, the main Voltage comparing 
circuit 7, and the frequency Scanning oscillator 8, and an 
input voltage detecting and comparing circuit 10. The ref 
erence Voltage producing circuit 6a is connected to the input 
terminal of the main Voltage comparing circuit 7. The input 
Voltage detecting and comparing circuit 10 is connected 
between the direct current power Source 1 and the reference 
Voltage producing circuit 6a. 

In FIG. 10, the input voltage detecting and comparing 
circuit 10 comprises two resistors R1 and R2, a comparator 
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11, and a direct current power source 12. The resistors R1 
and R2 are directly connected between the direct current 
power Source 1 and the ground. A negative input terminal of 
the comparator 11 is connected to a node of the resistorS R1 
and R2. A positive input terminal of the comparator 11 is 
connected to the direct current power Source 12. The direct 
current power Source 12 Supplies the direct current Voltage 
Vmin to the positive input terminal of the comparator 11. 
The input direct current voltage Vcc is divided by the 
resistors R1 and R2. A partial voltage Vcc (1+R1/R2) is 
Supplied to the negative input terminal of the comparator 11. 
When the partial voltage Vcc/(1+R1/R2) is lower than the 
direct current Voltage Vmin, the comparator 11 produces a 
first voltage having a high level. Also, when the partial 
voltage Vcc/(1+R1/R2) is higher than the direct current 
Voltage Vmin, the comparator 11 produces a Second Voltage 
having a low level. In this event, the direct current Voltage 
Vmin corresponds to a minimum voltage Vcc 1 which is 
determined by the input direct current Voltage Vcc, a partial 
Voltage rate of the input direct current Voltage Vcc, and the 
Setting value of the load alternating current i. 

In FIG. 11, the reference Voltage producing circuit 6a 
comprises resistors R3, R4, and R5, a direct current power 
Source 13, and a transistor Q1. The resistorS R3 and R4 are 
directly connected between the direct current power Source 
13 and the ground. The direct current power source 13 
Supplies a direct current Voltage Vreg to the resistor R3. The 
resistor R5 is connected between the node of the resistors R3 
and R4 and a collector electrode of the transistor Q1. Abase 
electrode of the transistor Q1 is connected to an output 
terminal of the comparator 11. An emitter electrode of the 
transistor Q1 is connected to the ground. The node of the 
resistorS R3 and R4 is connected to a negative input terminal 
of the main comparing circuit 7. One of the first and Second 
Voltages from the comparator 11 is Supplied to the base 
electrode of the transistor O1. When the base electrode of the 
transistor Q1 is supplied with the first voltage from the 
comparator 11, the transistor Q1 becomes ON. When the 
base electrode of the transistor Q1 is supplied with the 
Second Voltage from the comparator 11, the transistor Q1 
becomes OFF. 

When the transistor Q1 is OFF, a reference voltage Vref2a 
which is Supplied to negative input terminal of the main 
comparing circuit 7 is represented by a following formula 
(1). 

When the transistor Q1 is ON, a reference voltage Vref2b 
which is Supplied to negative input terminal of the main 
comparing circuit 7 is represented by a following formula 
(2). 

A following formula (3) is given by the formulas (1) and 
(2) 

It is assumed that a reference Voltage which is Supplied to 
negative input terminal of the main comparing circuit 7 is 
Vref2. When the partial voltage Vcc/(1+R1/R2) is higher 
than the direct current voltage Vmin, the transistor Q1 
becomes OFF. As a result, the reference voltage Vref2 is 
equal to the reference Voltage Vref2a. Also, when the partial 
voltage Vcc/(1+R1/R2) is lower than the direct current 
voltage Vmin, the transistor Q1 becomes ON. As a result. the 
reference Voltage Vref2 is equal to the reference Voltage 
Vref2b. 
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Also, the main Voltage comparing circuit 7 is Supplied 
with the rectified direct current voltage Vi from the rectifier 
circuit 5 and the reference voltage Vref2 from the reference 
Voltage producing circuit 6a. The main Voltage comparing 
circuit 7 compares the rectified direct current voltage Vi with 
the reference Voltage Vref2 to produce the difference Voltage 
Vc. The difference voltage Vc has the high level when the 
rectified direct current voltage Vi is lower than the reference 
voltage Vref2. Also, the difference voltage Vc has the low 
level when the rectified direct current voltage Vi is higher 
than the reference voltage Vref2. 
As shown in FIG. 12, when the difference voltage Vc has 

the high level, the frequency Scanning oscillator 8 Supplies 
the driving pulse Signal having the driving frequency f to the 
boosting circuit 2 while the frequency Scanning OScillator 8 
Scans, at the first predetermined rate, the driving frequency 
f in the low direction from the high value as shown by 
arrows P1 and Q1 in FIG. 12. In FIG. 12, a line Prepresents 
the load alternating current i when the input direct current 
Voltage Vcc is higher than the minimum Voltage Vcc1. Also, 
in FIG. 12, a line Q represents the load alternating current i 
when the input direct current Voltage Vcc is lower than the 
minimum voltage Vcc1. When the rectified direct current 
Voltage Vi is equal to the reference Voltage Vref2, the 
frequency Scanning oscillator 8 inverts the Scanning 
direction, namely, the frequency Scanning OScillator 8 Sup 
plies the driving pulse Signal having the driving frequency f 
to the boosting circuit 2 while the frequency Scanning 
oscillator 8 Scans the driving frequency f in the high direc 
tion from the low value. Thereafter, the frequency Scanning 
oscillator 8 repeats this operation to make the load alternat 
ing current i reach at the Setting value. 
AS shown in FIG. 13, when the input direct current 

Voltage Vcc is higher than the minimum voltage Vcc 1 which 
is determined by the Setting value of the load alternating 
current i and when the load alternating current i flows in the 
load 9, the driving frequency f becomes a cistant value fa 
and the load alternating currenti reaches to the Setting value 
ia. As a result, the brightness Ba of the cold cathode tube as 
the load 9 becomes stabile. Also, when the input direct 
current Voltage Vcc is lower than the minimum Voltage Vcc1 
which is determined by the setting value of the load alter 
nating current i and when the load alternating current i flows 
in the load 9, the driving frequency f becomes a constant 
value fb (fb>fa) and the load alternating current i reaches to 
a new setting value ib (ib.<ia). This is because the Setting 
value of the load alternating current i is decreased. AS a 
result, the brightness Bb (Bb-Ba) of the cold cathode tube 
as the load 9 becomes stabile. 

Therefore, since the reference voltage Vref2 becomes low 
when the partial voltage Vcc/(1+R1/R2) is lower than the 
direct current voltage Vmin which is determined by the 
Setting value of the load alternating current i, it is possible 
to prevent unstableness of the load alternating current i even 
when the input direct current Voltage Vcc falls Short. Also, 
as shown by a line R in FIG. 14, a stabile area of the 
brightness B of the cold cathode tube that corresponds to the 
input direct current Voltage Vcc is spread to an area which 
corresponds to a Voltage which is less than the minimum 
voltage Vcc 1 that is determined by the setting value of the 
load alternating current i. 

Referring to FIGS. 15 to 18, the description will proceed 
to a piezoelectric transformer driving circuit according to a 
Second embodiment of this invention. Similar parts are 
designated by like reference numerals. 

In FIG. 15, the piezoelectric transformer driving circuit 
comprises the direct current power Source 1, the boosting 
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10 
circuit 2, the piezoelectric transformer 3, the current Voltage 
converting circuit 4, the rectifier circuit 5, a reference 
Voltage producing circuit 6b, the main Voltage comparing 
circuit 7, and the frequency Scanning oscillator 8, and an 
input Voltage detecting circuit 14. The reference Voltage 
producing circuit 6b is connected to the input terminal of the 
main Voltage comparing circuit 7. The input voltage detect 
ing circuit 14 is connected between the direct current power 
Source 1 and the reference Voltage producing circuit 6b. 

In FIG. 16, the input voltage detecting circuit 14 com 
prises the resistors R1 and R2. The resistors R1 and R2 are 
directly connected between the direct current power Source 
1 and the ground. The node of the resistors R1 and R2 is 
connected to the reference Voltage producing circuit 6b. The 
input direct current Voltage Vcc is divided by the resistors 
R1 and R2. A partial voltage Vcc/(1+R1/R2) of the node of 
the resistors R1 and R2 is Supplied to the reference Voltage 
producing circuit 6b. 

In FIG. 17, the reference voltage producing circuit 6b 
comprises the direct current power Source 13, a resistor R6, 
and a diode D1. The resistor R6 is connected between the 
direct current power Source 13 and the negative input 
terminal of the main comparing circuit 7. The direct current 
power Source 13 Supplies the direct current Voltage Vreg to 
the resistor R6. An anode of the diode D1 is connected to the 
negative input terminal of the main comparing circuit 7 and 
to the resistor R6. A cathode of the diode D1 is connected to 
the node of the resistors R1 and R2. The cathode of the diode 
D1 is supplied with the partial voltage Vcc/(1+R1/R2) from 
the input voltage detecting circuit 14. 

It is assumed that a reference Voltage which is Supplied to 
the negative input terminal of the main comparing circuit 7 
is Vref3. When the partial voltage Vcc/(1+R1/R2) is higher 
than a voltage Vcc1/(1+R1/R2), it is assumed that the Vref3 
is Vref3a, the Vref3a is represented by a following formula 
(4). 

On the other hand, when the partial voltage Vcc/(1+R1/ 
R2) is lower than the voltage Vcc1/(1+R1/R2), it is assumed 
that the Vref3 is Vref3b, the Vref3b is represented by a 
following formula (5). 

Here, Vd1 represents a forward direction voltage of the 
diode D1. Also, it is assumed that a current value in the 
resistors R1 and R2 is I1 and a forward direction current 
value in the diode D1 is Id1. Following formulas (6) and (7) 
are concluded. 

As shown in FIG. 13, when the input direct current 
Voltage Vcc is higher than the minimum voltage Vcc 1 which 
is determined by the Setting value of the load alternating 
current i and when the load alternating current i flows in the 
load 9, the driving frequency f becomes the constant value 
fa and the load alternating current i reaches to the Setting 
value ia. As a result, the brightness Ba of the cold cathode 
tube as the load 9 becomes stabile. Also, when the input 
direct current Voltage Vcc is lower than the minimum 
voltage Vcc 1 which is determined by the setting value of the 
load alternating current i and when the load alternating 
current i flows in the load 9, the driving frequency fbecomes 
the constant value fb (fb>fa) and the load current i reaches 
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to the new setting value ib (ib<ia). This is because the Setting 
value of the load alternating current i is decreased. AS a 
result, the brightness Bb (Bb-Ba) of the cold cathode tube 
as the load 9 becomes stabile. 

Therefore, since the reference voltage Vref3 becomes low 
when the partial voltage Vcc/(1+R1/R2) is lower than the 
direct current voltage Vmin which is determined by the 
Setting value of the load alternating current i, it is possible 
to prevent unstableness of the load alternating current i even 
when the input direct current Voltage Vcc falls Short. Also, 
as shown by a line S in FIG. 18, a stabile area of the 
brightness B of the cold cathode tube that corresponds to the 
input direct current Voltage Vcc is spread to an area which 
corresponds to a Voltage which is less than the minimum 
voltage Vcc 1 that is determined by the setting value of the 
load alternating current i. 

Referring to FIGS. 19 to 21, the description will proceed 
to a piezoelectric transformer driving circuit according to a 
third embodiment of this invention. Similar parts are des 
ignated by like reference numerals. 

In FIG. 19, the piezoelectric transformer driving circuit 
comprises the direct current power Source 1, the boosting 
circuit 2, the piezoelectric transformer 3, a current Voltage 
converting circuit 4a, the rectifier circuit 5, the reference 
Voltage producing circuit 6, the main Voltage comparing 
circuit 7, the frequency Scanning oscillator 8, and the input 
Voltage detecting and comparing circuit 10. The reference 
Voltage producing circuit 6 is connected to the input terminal 
of the main Voltage comparing circuit 7. The input voltage 
detecting and comparing circuit 10 is connected between the 
direct current power Source 1 and the current Voltage con 
Verting circuit 4a. 

In FIG. 20, the input voltage detecting and comparing 
circuit 10 comprises the resistors R1 and R2, the comparator 
11, and the direct current power source 12. The resistors R1 
and R2 are directly connected between the direct current 
power Source 1 and the ground. The positive input terminal 
of the comparator 11 is connected to the node of the resistors 
R1 and R2. The negative input terminal of the comparator 11 
is connected to the direct current power Source 12. The direct 
current power Source 12 Supplies the direct current Voltage 
Vmin to the negative input terminal of the comparator 11. 
The input direct current voltage Vcc is divided by the 
resistors R1 and R2. The partial voltage Vcc/(1+R1/R2) is 
Supplied to the positive input terminal of the comparator 11. 
When the partial voltage Vcc/(1+R1/R2) is higher than the 
direct current Voltage Vmin, the comparator 11 produces the 
first voltage having the high level. Also, when the partial 
voltage Vcc/(1+R1/R2) is lower than the direct current 
Voltage Vmin, the comparator 11 produces the Second Volt 
age having the low level. One of the first and Second 
Voltages from the comparator 11 is Supplied to the current 
Voltage converting circuit 4a. 

In FIG. 21, the current Voltage converting circuit 4a 
comprises resistors R7 and R8 and a transistor Q2. The 
resistor R7 is connected between the load 9 and the ground. 
The resistor R8 is connected between the resistor R7 and a 
collector electrode of the transistor Q2. A base electrode of 
the transistor Q2 is connected to an output terminal of the 
comparator 11. The base electrode of the transistor Q2 is 
Supplied with the one of the first and Second Voltages from 
the comparator 11. An emitter electrode of the transistor Q2 
is connected to the ground. A node of the resistorS R7 and 
R8 is connected to the rectifier circuit 5. 
When the base electrode of the transistor Q2 is supplied 

with the first voltage from the comparator 11, the transistor 
O2 becomes ON. Also, when the base electrode of the 
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transistor Q2 is Supplied with the Second Voltage from the 
comparator 11, the transistor Q2 becomes OFF. Therefore, 
when the partial voltage Vcc/(1+R1/R2) is higher than the 
direct current voltage Vmin, the transistor Q2 becomes ON. 
Also, when the partial voltage Vcc/(1+R1/R2) is lower than 
the direct current Voltage Vmin, the transistor Q2 becomes 
OFF. 

It is assumed that the converted alternating current Volt 
age Via is Via1 when partial voltage Vcc/(1+R1/R2) is 
higher than the direct current voltage Vmin. The Via1 is 
represented by a following formula (8). 

Via1-ixR7xR8/(R7xR8) (8) 

It is assumed that the converted alternating current Volt 
age Via is Via2 when the partial voltage Vcc/(1+R1/R2) is 
lower than the direct current voltage Vmin. The Via2 is 
represented by a following formula (9). 

A following formula (10) is given by the formulas (8) and 
(9). 

Via1&Via2 (10) 

Therefore, the partial voltage Vcc/(1+R1/R2) is lower 
than the direct current voltage Vmin which is determined by 
the Setting value of the load alternating current i, the 
reference voltage Vref1 is constant while the rectified direct 
current voltage Vi from the rectifier circuit 5 that is supplied 
to the positive input terminal of the main comparing circuit 
7 becomes high. As a result, it is possible to prevent 
unstableness of the load alternating current i even when the 
input direct current Voltage Vcc falls short. Also, as shown 
in FIG. 14, a stabile area of the brightness B of the cold 
cathode tube that corresponds to the input direct current 
Voltage Vcc is spread to an area which corresponds to a 
Voltage which is less than the minimum Voltage Vcc1 that is 
determined by the Setting value of the load alternating 
current i. 
What is claimed is: 
1. A piezoelectric transformer driving circuit comprising: 
a boosting circuit Supplied with an input direct current 

Voltage for boosting Said input direct current Voltage to 
produce a boosted alternating current Voltage; 

a piezoelectric transformer Supplied with Said boosted 
alternating current Voltage from Said boosting circuit 
for Supplying a transformed alternating current Voltage 
to a load; 

a current Voltage converting circuit for converting a load 
alternating current which flows in Said load to produce 
a converted alternating current Voltage; 

a rectifier circuit for rectifying Said converted alternating 
current Voltage from Said current Voltage converting 
circuit to produce a rectified direct current Voltage; 

an input Voltage detecting circuit for detecting Said input 
direct current Voltage; 

an input Voltage comparing circuit for comparing Said 
input direct current Voltage with a minimum Voltage 
which is determined by a Setting value of Said load 
alternating current to produce a first voltage having a 
high level when Said input direct current Voltage is 
lower than Said minimum Voltage and to produce a 
Second Voltage having a low level when Said input 
direct current Voltage is higher than Said minimum 
Voltage; 
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a reference Voltage producing circuit for producing a first 
reference Voltage having a high level when Said refer 
ence Voltage producing circuit is Supplied with Said 
Second Voltage from Said input Voltage comparing 
circuit and for producing a Second reference Voltage 
having a low level when said reference Voltage pro 
ducing circuit is Supplied with Said first voltage from 
Said input voltage comparing circuit; 

a main Voltage comparing circuit for comparing Said 
rectified direct current Voltage from Said rectifier circuit 
with one of Said first and Second reference Voltages 
from Said reference Voltage producing circuit to pro 
duce a primary Voltage having a high level when Said 
rectified direct current Voltage is lower than the one of 
Said first and Second reference Voltages and to produce 
a Secondary Voltage having a low level when Said 
rectified direct current Voltage is higher than the one of 
Said first and Second reference Voltages, and 

a frequency Scanning oscillator for determining, in 
response to one of Said primary and Secondary Voltages 
from Said main Voltage comparing circuit, a Scanning 
direction of a driving frequency of a driving pulse 
Signal which is Supplied to Said boosting circuit to 
Supply Said driving pulse signal to Said boosting circuit. 

2. A piezoelectric transformer driving circuit comprising: 
a boosting circuit Supplied with an input direct current 

Voltage for boosting Said input direct current Voltage to 
produce a boosted alternating current Voltage; 

a piezoelectric transformer Supplied with Said boosted 
alternating current Voltage from Said boosting circuit 
for Supplying a transformed alternating current Voltage 
to a load; 

a current Voltage converting circuit for converting a load 
alternating current which flows in said load to produce 
a converted alternating current Voltage; 

a rectifier circuit for rectifying Said converted alternating 
current Voltage from Said current Voltage converting 
circuit to produce a rectified direct current Voltage; 

an input Voltage detecting circuit for detecting Said input 
direct current Voltage; 

a reference Voltage producing circuit for producing a first 
reference Voltage having a high-level when Said input 
direct current Voltage is higher than a minimum Voltage 
which is determined by a Setting value of Said load 
alternating current and for producing a Second refer 
ence Voltage having a low level when said input direct 
current Voltage is lower than Said minimum Voltage; 

a main Voltage comparing circuit for comparing Said 
rectified direct current Voltage from Said rectifier circuit 
with one of Said first and Second reference Voltages 
from Said reference Voltage producing circuit to pro 
duce a primary Voltage having a high level when Said 
rectified direct current Voltage is lower than the one of 
Said first and Second reference Voltages and to produce 
a Secondary Voltage having a low level when Said 
rectified direct current Voltage is higher than the one of 
Said first and Second reference Voltages, and 

a frequency Scanning oscillator for determining, in 
response to one of Said primary and Secondary Voltages 
from Said main Voltage comparing circuit, a Scanning 
direction of a driving frequency of a driving pulse 
Signal which is Supplied to Said boosting circuit to 
Supply Said driving pulse signal to Said boosting circuit. 

3. A piezoelectric transformer driving circuit comprising: 
a boosting circuit Supplied with an input direct current 

Voltage for boosting Said input direct current Voltage to 
produce a boosted alternating current Voltage; 
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a piezoelectric transformer Supplied with Said boosted 

alternating current Voltage from Said boosting circuit 
for Supplying a transformed alternating current Voltage 
to a load; 

an input Voltage detecting circuit for detecting Said input 
direct current Voltage; 

an input Voltage comparing circuit for comparing Said 
input direct current Voltage with a minimum Voltage 
which is determined by a Setting value of Said load 
alternating current to produce a first voltage having a 
high level when Said input direct current Voltage is 
higher than Said minimum Voltage and to produce a 
Second Voltage having a low level when Said input 
direct current Voltage is lower than Said minimum 
Voltage; 

a current Voltage converting circuit for converting a load 
alternating current which flows in Said load to produce 
a first converted alternating current Voltage having a 
high level when Said current Voltage converting circuit 
is Supplied with Said Second Voltage from Said input 
Voltage comparing circuit and for converting Said load 
alternating current to produce a Second converted alter 
nating current Voltage having a low level when Said 
current Voltage converting circuit is Supplied with Said 
first voltage from Said input voltage comparing circuit; 

a rectifier circuit for rectifying one of Said first and Second 
converted alternating current Voltages from Said current 
Voltage converting circuit to produce one of first and 
Second rectified direct current Voltages, Said first rec 
tified direct current Voltage having a high level, Said 
Second rectified direct current Voltage having a low 
level; 

a reference Voltage producing circuit for producing a 
reference Voltage; 

a main Voltage comparing circuit for comparing the one of 
Said first and Second rectified direct current Voltages 
from Said rectifier circuit with Said reference Voltage 
from Said reference Voltage producing circuit to pro 
duce a primary voltage having a high level when the 
one of Said first and Second rectified direct current 
Voltages is lower than Said reference Voltage and to 
produce a Secondary Voltage having a low level when 
the one of Said first and Second rectified direct current 
Voltages is higher than Said reference Voltage; and 

a frequency Scanning oscillator for determining, in 
response to one of Said primary and Secondary Voltages 
from Said main Voltage comparing circuit, a Scanning 
direction of a driving frequency of a driving pulse 
Signal which is Supplied to Said boosting circuit to 
Supply Said driving pulse signal to Said boosting circuit. 

4. A piezoelectric transformer driving method in which a 
piezoelectric transformer Supplies a transformed alternating 
current Voltage to a load to control a load alternating current 
in Said load, Said piezoelectric transformer driving method 
comprising: 

a step of detecting an input direct current Voltage which 
is Supplied to a boosting circuit which Supplies a 
boosted alternating current Voltage to Said piezoelectric 
transformer; and 

a step of decreasing a Setting value of Said load alternating 
current when Said input direct current Voltage is lower 
than a minimum voltage which is determined by Said 
Setting value of Said load alternating current. 

k k k k k 
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